v FAA=ADS~33 


Ja, BAe) 
Piha 


————— 


EQUATIONS AND PROGRAMS FOR THE USE OF 
LOW COST DIGITAL COMPUTING EQUIPMENT 
IN AERODYNAMIC DESIGN SYNTHESIS AND 
ANALYSIS OF GENERAL AVIATION AIRCRAFT 
CONFIGURATIONS 


TECHNICAL REPORT 


March 1965 


by 
Daniel 0, Dommasch 
INC, 
Blawenburg, New Jersey 
Under Contract FA-WA-4295 


for 


FEDERAL AVIATION AGENCY 


AIRCRAFT OEVELOPMENT SERVICE 


Best 
Available 
Copy 


EQUATIONS AND PROGRAMS FOR THE USE OF LOW COST DIGITAL COMPUTING 
EQUIPMENT IN AERODYNAMIC DESIGN SYNTHESIS AND ANALYSIS OF 
GENERAL AVIATION ALRCRAFT CONFIGURATIONS 
TECHNICAL REPORT 
FAA-ADS=33 


Contract FA-/A-4293 


by 
Danie! O. Dommasch 


March 1965 


Prepared For 
THE FEDERAL AVIATION AGENC 
Under Contract No. FA="A-4293 


by 


DODCO, INC. 
Blawenbure, New Jersey 


DODCO, INC. - 
Blawenburg, New Jersey 
’ EQUATIONS AND PROGRAMS FOR THE USE OF LO’ COST DIGITAL COMPUTING EQUIFIENT 
IN AERGDYNAMIC DESIGN SYNTHESIS AND ANALYSIS OF GENERAL AVIATION ’ 
AIRCRAFT CONFIGURATIONS, by Daniel O. Oommesch, March 1965 
155 pages, 24 references, Technical Report 
Contract No. (FA=/A-4293) 


ABSTRACT 


This report presents a summary of analysis methods and digital computer 

programs developed to date in the conduct of the General Aviation Satoty 
Development program of the FAA. This report is complete in itself but 

dees not present detailed derivations of the numerous equations utiiized, 

nor does i+ constitute a definitive text on digital meihods, per se. 

I+ is designed to acquaint the General Aviation !ndustry with the methods 

and programs developed ror low cosy simulation of aircraft dynamics and 
parametric studies of design paremeters. The equations and programs 

presented are completety checked, ond approximations, when they are 

involved, are specifically described. Complete cigital programs for 

longitudinal cynamics, (including air turbulence efiects, propeller 

effects, configuration change effects etc.), three axis controlled six re 
degree of freedom motion and spin simulation are presented as appendices, 

while a full description of the governing equetions is given in the tex. 
Programs are written in the DICTATOR I1 languege and a description of D 
the DICTATOR 11 lenguage is also presented. The DICTATOR language is a 
progreamaing software syster designed especially to expedite solution of 
engineering and scientific probiers on digital computers. It can be 

lecrned tn about 2 hours, and its use, on low cost computers, makes it 

possible for elmrost anyone to effectively use a computer for even the 

most commonplece problems. To ceronstrate such use, a chapter on the 
topic of digitel progremming is incluced in this report. 


This progrem is under the direction of Mr. Colin G. Simpson of the FAA 
and questions on the report content will be answered by Mr. Simpson or 
by DODCO, INC., the responsible convrector under Contract FA-iA-4295, 
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1.) INTRODUCTION 


The mission of the General Aviation Safety Development Program involves 
enalysis and improvement of the pilots environment insofar as this environment 
influences his ability to safely, exsily and conveniently learn to f.y and to 
operate his airplane under all conditions. The opereting environment i 
determined by the aircrafts hancling che aR SCTE DATES the instrumentati 
cisplay, communication system, cata dissemination documents, cockp ott 
visibility and control placement and type. Training operations are conducted 
in all aircraft (et least for check out purposes), and these as well as 
norms! operations are always involved in a study of the pilot environment. 


S 
on 


whereas the General Aviation Safciy Development Fregram under the direction 
of Mr. C. G. Simpson involves ell aspects of the operational environment, 
the part of the pregram assigned to DCDCO, INC., under Contract FAjWA-4293 
is concerned principally with hendling quelities as these influence pilot 
performance. Previous reports (see references) prepared by DODCO, INC., 

for tuis project have dealt mainly with the design and use of paralte!} 
stabilivy auamentation systems designed to cheaply tailor hendling cuslities 
to better suit the needs of human pilots. As part of these studies, low cost 
dicital synthesis and analysis methods were developed for rapid examination 
of the ef = als ot design parameter changes on systems performance. The 
methods of analysis are pbc Ke) 


can be used to effect cost reduction ji airplane desicn process itself. 
Thus, the methods and Ear ens ceveloned have significance independently of 
the results they have produced to date. This ee hes been prepared to 
provide a presentation of the analysis methods and associated digits! programs 
recuired for implementation. The meTho?s = appl icedie to eerodynanic 
configuration analysis, performonce studies, exemination of stebility and 
control characteristics, reduction of flight test data, parameter study, 
synthesis ond adai ute of automatic control devices, end so on. 


s 
paar problem ereas than this, end 
~ he 

hoa 


The perticular advantages of the rethods reside in their ability to cuickly 

and economically produce quite precise answers to complex problems ee 
The use of digital computicg techniques for analysis of galpsies nee, stadility 
and control problems is not new to the aircraft indust whole, however 

such usage has, in the pest, been co: nly to tt tary and trenspoert 
types of aircraft because of manpower side - However, low 

cost cemouters of relatively smal s eile ch are quit. capable 
of handling G. A. problems end prene: a nt can lead to 
substantial development savincs. 

Because of the difficulties involved in obtaining valid, closed form solutions 

to many aerodynamic em Ficularly those involving pressure distributions, 
values of stability ame G assessment of control force charecteristics, 
tho G. A. industry hae cepended heavily in the past upon experimental technicue 
tor design develo these techniques will remain essential in tne 
foresceable future, some reduction in the amount of empirical effert due to 
employment of simulation procedures is possibte, which at the very least, will 
provid 2 f test date but of defining the avenucs of 


e a way of not only analysing 
i 


Examination of dynamic processes through use of high speed computing equipment 
is known as simulation. Either digital or anulog computers are useable for 
simulation, however when analog computers are used, every program musi be 
"scaled" by the programmer to ensure that generated numerical values do nct 
fall outside of the usable range of specific amplifiers of the encloa circuits 
and special provisions are required to handle nonlinear problems. Cn the 


other hand, analog computers are inherently capable of producing "real time 
outouts relatively mere cheaply than digital equipment. Hardware and softwere 
available in digital systems eliminates the requirement for problem "scaling" 


and, digital computers, since they function on an increment basis cre 
inherently adapted to solution of nonlinear problems. 


For simulation efforts directed toward design goals rather than real time 


investigation of man=machine interactions, the smaller digital computers such 
as the IBM 1130 series, CCC DDP=116 and similer equipment available at a 
yearly rental of around $10,000 are very ett suited to ssonoaitca) an ry rapid 
solution of design analysis and synthesis problems. Effective us these 


low cost, minimum systems, depends on the programming systems tech kel 
utilized. !f compiler type sotiware (such as FORTRAN) is used, efficient 
operation normally requires e considerable amount of peripheral eouipment 
which increases costs, however if systems such as DICTATC? are used such 
peripheral units are not required, and operations are actually simpler and 
more rapid than with compilers. Since proper engineering employment of 
digital computers depends so much on the prograrming technique employed, a 
special chapter on computer pregreamming is provided in this report. 


Tae results obtained with a simuletion program can be no more eccurete than 
the equations and data used by the program and the accuracy is e!so influenced 
by the numerical techniques and word length employed. Inherent!ly the digital 
computer iS a more accurate device than an enaleg system, however its ful! 
eccurecy is not required for all problems, and the basic advantege of the 
digital equipment resides in the fact that it is simple to program a d 


gq cigital 
any, computer for most problems. 
, 


Good simulation programs faithfully reproduce the actual motions and 
charecteristics of the system being simulated s means that the 
| 


i € 
of moricn are not nearly so idoz these usec to obtain closed form 
utaTion.e Moreover , to provide a 


solutions on a slide rule or by | 


good simulation an essentially sanateta probslem dotinition is reauired since 
computers are naturally ws tiewly of Ronin aii age al sinnenh aidaied. and docision 
poths and conditional tests must isi an a-prieri 
basis. Therefore, to abtain valid res sults from conputers, ‘one must either start 
with a good problem analyst or a proven progran. This report presents severe] 
proven programs of broad epplicatio also presents a discussion of analysis 


technicues peitinent to the S. A. 


Ca, This — is tntended to be of uso to the G. A. industry, however a report 
such as this cannot answer all spocifie questions nor be written to fit tn with 
the Bacher ound of all its readers. Therefore it is anticipated that a number of 
questions will erise because of S publication and these cuestions need to be 


ansviered before the potential benefits of the methods can be realized. 


| 
| 


| 


Ahoy 


' 
\ 


such °c 


Tor 


: 
Gs 


ry 


ret 


Prantl 
rane 


t 
1 


G 


_~ fs 

ie aS 

— + 

eS a 

cola eee 

Ge ees 

be ed 

> 

ae Cate 5 

CIMA fin Doha tne 

UVwigesm a Gu 
oS ae = 

Sst GS 

ao 1 ot 

am U9 Coe ee 

ae v 

fg) tos 

© ise Oey 18 

(ee SS  Gu0=, 
(a o- wo 

ate j= 32 Fs 

WG . Jove 

ey aa 
ee we 

(ares i 

fem 

ie Eo 

ACB 

Cue 

SSE Us 

oa a 

os 


tite 


eo 


ié 


etme, 


Tad 
3 


‘ 


rab el neha 


. 
‘ 


a 
Poa uly Sa 


aK 


re 
is 


iy 
te 


KOT 


OF ! 


we 
ws 


TIC 


Ba 


on oe 


al 


Q U _ oO 
ad Bee ie] G a 
UW 4 ay se (ay oe Sa 
(®) oa [m) ra See Fee O eo 3 a 
oO os i) : a aa a -~ GU} ts 
o> & se _— eae de mt is e EB} ee 
Ce Gs ao Ee ew G Se ity Ge “3 BON en 23 Co, 4 2 
CO SG Gele oy Seois i © 4 feo 7 ok. @ x 
ea aciey See Lo es © 3 oes 4- 3 23 anes iG 
a fo Ge Sse SF > in & Rey “sr Pd ‘ res th 
oo Og agg Us. ee Sie aan eee G an 2 °, we 4 ff CG Go + 
pee ee ee ‘ =u os ee see Op) Fas eee Le - 
wee TU & se G _ os ee a 
ta aoe (Ota Koa set Sak Se a Cae s- te we ye G2 EN ue 
Sp i. Oe, Spi te (o7 . = ao oF t} 
fogs eG eS eA eas c~ Q Ge CG Ww Qa pid; 
So Gao Ge See. Se L ar ¢ ie. = te ee 
ic a u a _ (mao ae 
> ONG? cn) cS Sage che oo ES G 
—OAi- = 2 Pe Ge a ea ie a) ~ .~ 
a air te © a= (eo Sy ic aad 
oO Cc oe > y ce — Co _ es 
Oe O D4 iC oO 3 i> Cy Ne Oo 4- = Saad 
ce Oe vs ees l= a = Lea Gee G Gal oO & 
er Ty Ck Se 4s eo te i Spe @ C _ Vv QO 
EQ ity (ES: a od 9 eed Oo xe rw) fa) -: +f: 
Sy eG We 12 2  @ reo ges ae be Or mm <) va i 
ro) CS RE one if Ce a ca te. A es so 
(Smal Sete sete se * aan aac et Coat ase oe. 0 
one , ‘ee ine 1m 
ae a ate : te ee =. . me Bes uO 
foe wa eM : Gr ae tj E 42 _ ee 
ee ce 3 : steed ce a “: Be 
4 Yam (as - So oases ree, aN ‘pas iy 
wt 2 Soha t < chs to 
Go ae yf. sete 0 1. =! a 
is tee ey Ee rns fan “7 es a 35 
3 Zan Oe Siar tis te 8 
{cee Aa ied Eee mE — ee ot eee 
aes ene ae aohess = a ‘ g 
‘ (ee Pn ae iter Sk ‘ a se) said 
fart - tbe ‘ G —_ 
a ; Lop ° © ‘ v4 
mera oS _~ Cray my ‘ fa ates 4 
(a) * (Eee {7 es an lp eo iks : tye ee 
ae ee te 29 = (ous Ses fs Pas TF, 
o or WS Sie SE oe Bie ra ome ut . ‘ 3 
on oF. Oe aa ate a 3 ok ©) re) a “as ies 
FAs ’ gO fe ae oe 378s ES) Cte ~ 
— Co ee See) io Te em Gs aS GG a0 {.— 
oO. tC oon eee Ce fe f Cs ee mh 7] ime te C3; 3S 
ae EF eG EGi See Ce © ar) ee ie ee ES see a G 
- ae he Gy She a> 5 Sa 2 = es UF tr O 
a -@ Cr See kr Uo 1 —- oO fe CY Ten  -<s 2E _— Fates, @ 
UV Sree ee oh i= OO L£ > Oo Q 4 OE Gg Qo ee 
GeO Se a a se - > + 0 CoG N @ Cir CO au - 
Ce Ors@ tC a & —_—'O oO (ea ge Q 
wer CL tw Ot OD Fem —- a = G Oe G oO a0 
Cc © @ Orem O & Oe. eS > — 4- — CP ise Oo - Ge teas: we o 
coo, ae = G _— (9) Q ct ‘te ia} Q | am Sy <a 
OonunaQqunsy Ow Or- EE => > a co (i eae ws Se 
> emi ick SG "Gs bs ose 2 4) e—— = oO = -f- Chit Rea 
out on Ke Om t tO! © 3) | > acs, ke 3.2 C) 
Coe Fe Ea 6d. Q CP tee: eyes Meaty Ko) ne ao t xe] 
iS (ad Ce as “nd a= Ge i te act - e 1D te as G2 Oa... 
“Vo- uvoeonrogoee ou +" @ ( a i Gees lates i G sis ese gi) 
c GC Oaks G me a] Ree OS age. cw a Gh Mk Genes Gee G 
O O20 G Qo Cy geste oc Pais ba o ed _ c cc tere to oO fs 
Saal ona te ct UO > OG ow as 3 ye OC Ee a) LOY: j=) Ua Me, xe on (@) 
Shs Wiese (Gi. Ge —_— 3 9 oC ae (a aes ae) Ge Ue See te es Ie 
yoo CGO & qc Ut MS a ed er G2, itd GS 2 163 Or cau iy E a 
EN ca Ge srr te fe aise BS SS 1G) «Cs CE OD By jhe oS Fae te Coy ee 
oS fe > UN d= C1 GY ce Te ee x Ct es ts 0) ve Se GY GY ct Cx 
oO 7—- OD SO 4g SO Mt. 3D 7 © GP eS ce oe OeiGR SE) Ma ots, me He: 
& OE OG C— 1 aw ce _ 1G eo aS [Te a) Steg ete a Cy Cts, 
Gh oder fe: tc 9M Am. ee Doe Ye = GY) (5 oe Sa se sy Gy ea hy TE 
Paes Co Ma p< ms e ©  © Yam | 1 (OSs SU fs co) so 8G .. Si= ges i) ih Gas Pia see) UME Ns Ua secava 
FAO ere 4 Dr LO rF- O-— Pra oad O | eae — <2 oO ©@ — jae. Se face st? 


fe. on 
e) ee: 
st 
2 2 - ea 
[rd cs) (= _ xp} Q 
ws CES eS G m 
fh Glee og cok (oS... fem tJ iC: 
ose ee SE a oc. IN 9] 
Mac 4° Wie a Ce i 
i- sot pe kas ae tS _— A 
aes oo pS a) cee * 
“47 Sele ~- Al es ba e Co 
a . Pe 2 +2 : . 
MM . fed - _— (a4 . +} - 
Gc ae - = oO . Ce a 
o ; oo in oe . . EG 
a _ a Oo BO} . - £ ° 
~ Fai Co « . “= ba} iS 
~_- te pgs im cc i ° i -- Sie 
ise) = Ue co = a~ 3 a) uo i 
Cc od - (ay _ =) cS 
Gs 1 ad t=: On} —_ ° ap 
(<G Ea} 3 fe) G 1+ £Y 0) uy -- 
C 7 <= QO Gs — oO 
a ie) ° Pa 4 amc) ~ < 
i- 4 a ah ‘. aoe 2] i) bas 
t ey aes - (e q- Se Sis re 
& Tee one > — 6 5 sy i 
wee tp ae be as EN TS is ie oo 
nx w er th i ao ‘ i 
.- ay tay cS eae. th _— ot > ~ Dte = 
a" Dg 2 ie So CH tw ~ — — 2s 
bs £2 te Ee te ws qy ro asf ue ri ‘ is) Cs tg 
KS an : ia & s- 1) eee SN te we Sas 
= ie Q is CF uc oO 
n Re rea te S- 12 ma oS >: i 
io) 2 a ee RD a GC 
vee er ' eee we ‘Be a ny 
a4 ‘ . or Seu gs (ame?) _ bom i sts is 
ee: aye -— Cy ere =f Gate nee i ee ~ c. - “j- 
“ a Ress mS iz Ghee + 
a Gr: ie => ES. £ 4. ost -{- “f q+ te 
i OM toca Ty AN Gs: aly (ae te o- i. a -# 
ees Ca pies, rare 7 {3 3) €.; cS € <: . we 
a? Se one} 05 Ger 28 uu aes (e! ne os eat 
Cs — 1) 285 -~ oa a= { {2 4) 
Ae ¢ ae eat Come ~ — 4 
3 “ 1. © -- - 5 z 
Qo ev QO ie (al t ~_ — 
=. iY Gress Pe . 1 1 47 t- 


in 
outa 


a othe 


: i SGN 


of unseual 


_ a3 i oG ss uv ~ a 
to oy Sees oO ~ eG (a) 3 
eos ie 1s t= 9 ©) oO ‘i L ie t i a i= te 
= oa 2) tc ioe ay (Ce Samed Cc G cS ro) 
~U _ - Lx Me Ue a > > => 
nn Pi wT PO Gur Oo GO — ne) ao [es to ce ce oa 4- 
= “ Cc woe CL PONGs Ora i A Cc o te c ce 
x es £. os ae Cs ao 0 & Q) se t oO ie G 
qQ Co. fo Gy tr 1S) OS AS eS vr © + { & im fe 
ie} = 5 6 oO COO HO iy me de ‘- OL Ase YO as 
i att S see 1G O 2 Gh Gy (ome oO *L . +o i . os 
+43 a Gt Ue eS GPE. nN (4 “ “ ~ 
_- sa Oe $ pm be OF th Ss fee ba fo Oh es @ 0) tw N N {% “ v7) 
ie CIS » a ft te Ty ES So x x % oO i) ) 
Cc pease FO G nO Hee Pde 4 cow ae) are “_ ) (5 ™) 
¢) ce) Govyts OO Gi Bee) SRO CS, (OP ih 1), 4 £ iS c 
Los) 3 Became <= Se ese QO ss = oe a Oe it It u 
Oo a uy (Sea ees a en a ‘ (a CG uw ul i) 
rite Cte a Lad C. ig Ma OS or oom ICY $6, ne -c “U et ae 
sts De en Pra io to Ce ” £0 as Mee Cy n > tH kes a4 > tN 
(a oe fo Le ee Ps. Gh Uy Teme mee LY ig — — ~— —_ _— ~ —_ 
oo sis? 20) ie 92 Ge ND SOR Dice ee Sie Sie Ces, es 
“Se es, 47 ao oto wee CO KH WG 2) a 
ie) (ie hes i SOY ee HA Seats So AS, PEP a) 
Cc Riaee seperate se ey ‘ae ae 4 rea oy CD Somes “E> EG Ge 
mM oa, Saat ee QO we NS es BSS ue ee ads 5 VEY 1) 2 ES 


Okabe 


[ 
~ 4, - 
Pie ts A y ~ . 
'y = 2 % ~~ ae 
Pa = ‘ ie Si A \ — ay 
wo a = - : er oF 
% a ae x * — x 
™ = rs ~~ = : 4 > 
— : Fe 
“s ron o 4 f 
i. 4 4 : \ = a 
“ "a \ Ne Se ; 
Pa a, ™~ - ae a \ seg ‘ : 
WO2 LiggF = oe rv ao ee ! : 
; = ey i 
‘ia 


Tag ies 


hi 


pite 


is a | 


eoreee ase eer ew wlan t. 


ee Soe eae 


- 


| (5 + 


ae (a/VC, | cosy) 


ve 
“ 


in 


Gh 


m 


rf) 
i. 
Ch 


£. 
' 


Fiona 


ro) 


= Oe coler 


q 


oN os chee He SoM ak Seats Setters on 
Sy SS QOS re aay | 7 

Co Wie) + 7 
Ep te Cram eee Gy. 
a Same ails! 4 A 
Pa fase oO i i) ct tee ec 


nee ‘2 
7 = my 

~ ! 4 he of 

fe GMC, oo Bese 

oa a, Sa Sapale wanes ma, - ee 
ae See ROTO TEI! aren aig tS 
“ . i 
‘gd vee} pe ar fore ea ixnalalt 
Sip ee SEM EOS GSOS Cea 
Vv d se Lae LS 

FRO CO tS ohs. Ss 


JVyy ar har toroatal te, 4 


a 


tN pent 
‘ ert 

ate ae 
ea 2 catia) 


‘ . 
St 
Ot: ein 
’ 
: 3 ! 
ne St 
neg 
hh « . i 
; Ss oa 
en ne 
Tatas tenriCaraic) 
en 
RTECS at ra, at ears 
3 ‘a . -~ . 
sy ot ae net 
cee: : 


5 8 mes en 
' 
+ - 
’ ns 
\ ahi 
te 
eee rey 
, ‘ 
Sate ANS Ss: 
ae age tf 1 ais 
see ey 
cia, 7 


Ss 


EO SON GT? 


i A 
e te 
woe i er ea ua i : 
fee = (Veesy as Pagittey S > Mies.) eee neeceoresreenie 
wih oben 
See F 7 
Ot les Te ae aaa nen 
Se ae ‘ 
MoM Go Tne Aur SSeaa 
ary apnea ass Laka : Are Re er meer oe 
LAS Bae OY GAL Gh oe alee Tad kkk Eee pel 
SL TE I SCN Se Mee Sas See Ma oe oe WIM BSS ei 
=: is u {- sin £* as 
EM UD Doe tae USS SC lEOn eal ts y 


wei =e OVS fare Se a eusieiBuedeen: ie enoseje Gere 
ak? . * 
mores rela na A tebeeAR tT ant} ste mes of os ovary Mf mene es 7 7 
Riser ease Nec cil al ad Oa Wes oH i eaoron bru ae ac ae at Gh geo is Biel. eT CS Crean 
leis 
* o 
eles coe carey AGAR 
fae é rh ae ew era er eer eer mer erem een e eer een ee wt gid 
. pee anaes aia oe. 1, mb on gee 
onda MORES. SS Aare 
) tens: H . ed oy Orr rf ot ce eer Lf 
seat CAE RW AUR LCoS NEN OA 
7 awe - — yet ome ~ teers oe 2 © < f ats - ele Fos. 
US MRE Rees AE TO GES SOR ER Se Me se ECOG ine ir primes Soa trees 


Ve CERO ISG ar Ps 


Van 
i> 


ane 


Pes 


nee 
he 


po 


ae 


- 

pee ys 

ae yes 
. ee 


ee 


eoanrne 


ee ee ey 


a 


ein Sacer 


——ww 


Ve = Xsimy + xyoosy Shveie ceietiere oe siece One 


whereas the equations for D, q and r (set 2:1) may be integrated to define p, 
Cc, ry respectively, roll, pitch and yew ansles ore reasured butwenn sots of 
axes rotating with respect to one cnovhor so that a second intecration cannot 
be lectimately conducted to cefine thes> relative angles, anc a :.fnarutic 
resoluticn is required to determine, . ond oy. This resolution (refer to 


? 


Figure 2:1) yields, for a still atinoschere 


* = GCOSS = psin8 - (ycox + Vcosysina) 
ve o 
: . é ; 
Poe NOMENGOLY Seat 2 7S 100 COR: ~r- ysinysing a tusiarefersere GORD 
Oras peosscosa + qsin&cosy + rsiny + vsiny 
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e e . e 
when the air mass is moving, «y and & are obtained by using 7p in place of ¥ 
in the first and second of the cbove relations. For longitudinal plane motion 
(i.c., B= = Oy = Oy = 0) we heve that 
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Since, for this case both ¥ and q are rezsured with respect to the fixed 
earth reference axes, integration can be porterrsd to give 
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where @ = pitch angle, radians, so that 
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These latter relationships hold only for flicht in a vertical plane, since under 
other conditions the measuremont plane for « and @ is rotating in inertial space. 


1f the air mass through which the airplane flics is moving, the relative wind 
vecter continuously chanees for two reasons, the first involving motion of the 
Baty with respect to the ground and the second motion of the air with 
respect to the ground. Only the components of YR (i.e., Vay and VAy), here 
assumed independent of azimuth, are measured in a non-rotatina system and 
teerefore only these ecrpGaeats con be dircetiy differentiated to yield 


acesteraticn components in inertial spoce. The vectors VRy and Vay are defined by 
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components along the Yo exis, inclined at tha unaie vp to 
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While normal to Vp we have 
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where 7aV, is a ficticious centrifucal acceleraiicn vomponent bssed en the 
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Progremning for more complex problers involves exactly the seme procedures 

as presented here, but arplied to lengthier equations. Elaborate or complex 
equation sets, which in many cases cennot be readily solved by hend computation 
procedur2s because of the prohibitive number of man-hours involved, are 

solved in a straight forward and econonice! manner on an electronic digital 
conpouter. 


Decisions on the benefits to be provided by computers in a given organization 
can only be based on managements uncerstanding of how computers are most 
efficiently usable, and it is hopec thet the short description of programming 
grocecure presented in this cheoter provides a basic understanding of this 
tonic insofar as day to day tyne croslem solving is concerned. tn the 
following chepters are presented orcaroms for more involved type analyses 
concerning oreblers one would not normctly etterpt to solve without a digital 
computer. These programs provide an indication of the scone of work which 
can be hendled by even the lowest cost, nod2rn digital computers of the 

CCC DOP-116 and IBM 11350 typo. Programs ere written in the DICTATOR 11 
language for the I8M% 1620 system since such equipment was in use at DODCO 
when the programs were developed. 
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start the program transfers te the main block while during running the 


intearation block precedes the main block. The integration block is as 
follows: 
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5, end 5, may also be set by the operater at any time during the run. 


From here we proceed to the acrodynznic and differential equation block. 
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Initiate with trimmed flight at V; = 176.33 fps, y = - 3°, h = 1010 ft., 

oO = 6.31%; 5, = 0.0°, thrust = 44.97%. Speed select is set to approach 
speed of V; = 132 fps = 90 mph. At 1000 ft. the landing gear is lowered. 

At h = 600 ft. flaps are started down (0 to 40°) at 8°/sec. Ath = 200 ft. 
power is increased by 53 # to maintain a glide slope of -39°. Ath = 15 ft. 
power is increased by 52 HP for performance of a throttle flare. The task 
of the velocity PSAS system is to reduce speed gently from 176.33 fps to 

132 fps and maintain this speed in the face of power and configuration 
variations. Integration intervals were set to 0.1! sec. The figures are 
self explanatory. 


This concludes the presentation of typical outputs of the computer programs. 
The programs are flexible and are usable for many other purposes than 
illustrated. Their use for other purposes depends, however, on understanding 
how to input data and set transfers and so on. Complete coding sheets and 
the instruction list for the DICTATOR |! program method are Included in the 
appendices to this report to permit further study on the part of the reader. 
Additionally DODCO, INC., is prepared to answer questions on the methods. 
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J1 2) CONCLUDING REMARKS 


The modern high speed, relatively low cost dinital computing systems are 
excellent toots for rapid and low cost analysis of aircraft performance, 
handling qualities and for study of behavior of automatic control logics. 
They are also useful for design studies, particularly as reqards the 
effecis of parameter variations and for examination of nonlinear and 
cross coupling effects. Applications to structural, weight and balance, 
fiutter and related problems are of equal significance. 


Use of t! is equipment in engineering desian is by no means new to the 
aviation industry as a whole, however fast, low cost computers have only 
been available for the past five years and just in the past year have there 
appeared units in the $1,000 a month rental catesory which are capable of 
rapid handling of the types of protlers involved. 


Additionally, until relatively recently the use cf executive programming 
procedures (e.g., FORTRAN, DICTATOR, etc.) which great! simplify use of 
computers, has not been wide-spread and either extensive personnel training 
programs or employment of additional personnel were involved in engineering 
application of computers. This, plus the earlier nigh cost of computers, 
limited aviation applications (particularly of digital units) to design 
programs on military and targe commercial transport cquipment having 
substantial enqineering budgets. 


The "cost" barrier on digital compute~s no longer exists, and the presence 
of "canned" programs of the type presented here eliminates the need for 
computer specialists for effective utilization of the newer low cost 
equipment. Proper employment of the computer still requires a rather 
complete understanding of the problems to be solved however, so that 
initially a fair amount of study is required on the part of potential users 
of an set of digital methods and equipment. This report presents methods 
which were developed in the -onduct of research programs under the FAA 
General Aviation Safety Development Program, and is designed to ald 

General Aviation activities to evaluate their need for incorporating digital 
techniques into their engineerina operations as well as to encourage such use. 


DHopcn, INC., will be pleased to answer questions or receive comments concerning 
this report. 
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